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WluTc circuit reliability is of prime 
importance, the need for adc(iuate lino- 
voltage regulation Inus long been recog¬ 
nized. Xot only can vacuum-tube life Ik» 
extended by o|)eration of the heat^'rs at 
a slightly nnluced but constant volt¬ 
age.’ but also performance can l)e im¬ 
proved by eliminating large plate- 
supply variations. In many applica¬ 
tions, propt'r power-supply design and 
the use of a line-voltage regidator can 
eliminate tlie neoLl for inefiicient, and 
often less-reliable. serie.s-tube plate- 

‘ W. S. Huh it*. “Thu KITtM't* of Heater C'yeUnK and lleulur 
Vtiluiae." IftSO /. It. K. Cutuvulion ffrenrd. Curt tl. 

•M. Uoltje. “.\n -Xrrurute. Aiitamatio 

l.ine*Vultaxe RcaulaUir.** (Ifnrrnl Rodin ExperimmUr^ 
VoJ. 2!». No. 2. July. lU-VI 


Figur* 1. View of the militarized voltage regulator. 
Regulator unit is in the foreground, control unit 
at the rear. 


supply regulators. For such appli¬ 
cations, the .servo-con troll(‘d Tyck 
157()-.\ Line Voltage Regulator* with 
its advantages of high accuracy, im dis¬ 
tortion, large power rating, high effi¬ 
ciency, and excellent transient re- 
spon.se, has Itecome well establi.sluMl. 

The importance of longer tube life 
and increasetl circuit reliability has 
created a demand for such a regulator 
built to military specifications. In the 
past few years, the Cieneral Radio 
Company has designed and built a 
numlTcr of .specialized regulators R»r a 
variety f)f military eiul-use applica¬ 
tions. A new regulator (Figure 1), the 
Tvpk 157()-.\LS1o is now olTered, 
which incorporates the best of the de- 
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sign and performance features of these 
special units. In achiition to the ob¬ 
vious military environmental rocpiire- 
ments of shock, vibration, temperature, 
humidity, etc., the unit is designed 
witli particular emphasis on flexibility, 
eavse of maintenance, r(?liability, and 
long life. 

Uasieally, the regulator (Figure 2) 
consisl.s of a Nariac**' autotran.sformer 
that adjusts the output voltage, a 
imek-or-boost” step-down trans¬ 
former that elTectively multiplies the 
power rating of the Variuc, and a servo¬ 
mechanism that positions the Variac. 
The “buck-or-l)oost ” cinaiit, which is 
often us(h1 for manual line-voltage cor- 
re(*tion, is shown at the left of Figure 2. 

For Ilexibility and eiuse of mainte¬ 
nance, this (>-kva n*gulator has been 
built in two units (Figure 1). dhe 
larger unit contains a special motor- 
driven N'ariac and a hermetically sealed 
“buck-or-boost” transformer. The 
smaller unit contains the electronic cir¬ 
cuitry for sampling the output voltage 
and controlling tlie two-pha.se servo 
motor on the X'ariac to maintain the 
output voltage constant well within 
0.25^’t. "dh diiTerent combina¬ 

tions of Variacs and “ buck-or-boost ” 
transformer.s, rogulatoi*s of dilTenmt 
ratings can be assembled using the 


same electronic control circuit. Tins not 
only provides design Hexil)ility, but also 
simplilies service problems, since only 
one type of control circuit, interchange¬ 
able for all regulators, is reciuired. 
Furthermore, when service of the elec¬ 
tronic circuitry is retjuired, only the 
small control unit need be removed. 
The larger unit with all its power wiring 
can stay in service .sup])lying uninter¬ 
rupt e<l (but unregulated) power, while 
the control unit is being replaced or re¬ 
paired. Manual control of output volt¬ 
age is possible during these intervals l\v 
means of the \‘ariac ditd on the front 
panel. 

I’^ase of maintenance was a prime 
(‘onsideration in the original de.<ign of 
this regulator. Tubes can be replaced 
without the removal of any covers 
other than tube .shields. Removal of a 
single dust cover (Figure 3) expo.ses all 
other components. Component wiring 
is ac<‘omplished with an etched circuit 
to provide a high tlegree of uniformity 
between units. Each component is 
marked with its magnitude and rating 
and is identified by a component num¬ 
ber permanently etched on the mount¬ 
ing board. The removal of the bottom 
cover plate (Figure 4) expo.ses all etched 
wiring. The complete circuit diagram is 
.silk screened on the inside of this plate. 


Figurs 2. Functional diagram of the regulator, showing the bucic-or-boost circuit. 


STEP-OOm 
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For protwtion a^^aiihst Uie ofTccls of 
inoUtun? and fungus grout lis. tho 
ctclunl board is S(*ak‘d with a fuiigus- 
rfsistaiit varnish. 

Uoliahility and long life have been 
assured by eouservative ratings aiul the 
use of tlu* best materials and com¬ 
ponents in simple circuits that have 
pn»ved reliable in long held exp<Mience. 

Figure 5 is an elementary circuit dia¬ 
gram of the I’ontrol unit. \ il-c voltage 
proportional to the average amplitmh* 
of the a-c* output voltage is pHnluced by 
a ftill-uave silicon tectilier with a resis¬ 
tive* h)ad. 'rhe magnitude of the* load 
resistance is e‘hos(*u to minimize* the ef¬ 
fect e)f temiwrature. ami the ediange in 
the average* value eif the ree*tiher output 
is le.ss than 0.1 * f feir tem|>erature*s up to 
1.'{5®F (7')%•). ripple filte*r is in¬ 
cluded, which provides inhnite n*j(fetion 
at the 120-cycle ripple fre(|uent*y and 
has negligible phase shift below 5 
cye'les per see'emel. 

'I he hlt(*red volt age, which is propejr- 
tional to the a-c enitput voltage*, is eom- 
pare*el with a standarel vedtage from a 
oholWA vedtage* n*ference tube? to edi- 
tain a dilT(*reiice, or erreir, voltage. For 
maximum stability, a ().V‘2\VA re'gula- 
tor tube is used to provieic ceinstant 
current tei the ivference tul>e. The'se 
tubes were elevelopeel lor military ust* 
when* a voltage* refereiie*e fr(*<* from the 
usual vedtage jumps was r(*e|uire*d. 


The error voltage is amplified by a 
dilTerential amplifi(‘r (Figure 5) which 
uses oT.ll tubes uperating very con¬ 
servatively, at e-einstant heater veiltage 
^the unit i>pe*rates e»n its eiwn regulated 
output), to give the lemgest pe>s.sible 
life. Appre)priale* le*ael ami lag ne*tworks 
are used for eiptimiim regulator |M*r- 
formance. 'rhis amplifmd error voltage 
is a|)plieel in push pull to a thyratron 
(2I)21WA) moteir-i'ontred edreuit. Fhe 
thyratrons are preivided with a fi0-e*yclc 
bias voltage* at a phast* angle with 
respect to tlie a-c plate voltage. 'Hie 
amplilied d-c error v«)ltage su|K‘rim- 
posed oil this a-c bias voltage smootlily 
changes the thyratron firing angle from 
near 0" to 180®. 

A two-phase motor is supplied with 
(iO-cycle power from the power lino 
through the thyrntron control circuit, 
'riirough changes in their firing angles, 
the thyratrons control the relative 
pha.s(‘ angle between the motor-winding 
voltagi*s. Their distorted output volt¬ 
ages are filtered with resonant circuits, 
and applieil to the motor windings. As 
the tliyratron firing angle changes from 
0° to 180^, the angle between the 
motor vedtages changes continuously 
from approximately to —IK)®. At 
balance, full voltage is applied to both 
motor windings at a z<‘ro-<legree phase 
angle. The resultant ilynamic braking 
improves the transient response. 


Figur* 3. View of tho 
fop of tho control 
unit with duftt cover 
removed, showing 
component identifi¬ 
cation. Tubes ore re- 
ploceoble without re- 
movol of dust cover. 
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Figure 4. View of the 
bottom of the control 
unit with dust cover 
removed, showing 
the etched circuit 
and circuit diagram. 



For niaxinium versatility, a switch is 
provided inside the control unit for 50- 
eycle o|)<Tation of the regidator. In tlie 
5()-cycle switch position, the rangt* of 
o|XTation is 45 t<» 55 c; in the OOh'vcIo 
position, it is 55 to 05 c. Spat'e is also 
provitled for th(» installation of a st^pa- 
rate output-voltaj^e-sainpling trans¬ 
former to permit control of 400-cycle 
power, although 50- or 00-cyele power 
must he available to operate the cont rol 
unit. 

'riie motor-driv'en Variac is a s|x*cial 
hall-hearin|j; nuKlel similar in d(^sign to 
the new molor-tlriven “W*' tyjK* re¬ 
cently announced.* A front-panel dial on 

>**.Mol<jr I)riv«'« for W-Seriea Vnrinp**^.'’Cr««raf Rntlin 
Experimrntri. Vul. 31, .Vo. 2. .AiiKUst. ItloO. 


the Variac shaft indicates the input line 
voltage. This dial also indicates the re- 
.serve working range of the regulator 
and permits manual adjustment in case 
of a control-unit failure. .Vn additional 
carbon brush to make contact with the 
radiator in place of the usual metal 
take-olT ring minimizes friction and 
gives long life in a service diMuanding 
continual motion of the Variac brush. 

The N'ariac motor is a two-phase in¬ 
duction motor. Long trouble-free life 
has l)een assured by the us<* i»f a thyra- 
tron motor control circuit ratluT than 
relays with their <*onlact maintenance 
problems. This circuit also results in a 
superior proportional-typi* control 
rather than the usual on-ofT control. 


Figure 5. Elementary circuit diagram of the control unit. To preserve simpiicity, the lead and lag net¬ 
works and the thyratron bias circuits are not shown. 


4<or<w cmr/KJL 
funtATHOH 
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The motor wiiulings aro completely eii- 
capsulaletl to prevent deterioration 
from moisture or funj^us e:ro\vths. ami 
the output shaft is stainless steel to 
resist corrosion. 

As the brush moves across tlie Variac 
wimliuK. it is in contact with more than 
one turn at a tinu‘, thus inovidin^; a 
comnuitatin^r action ami. thendore. a 
smooth chanKe in output voltage. While 
this cominulalinj^ action is necessiiry 
for th(‘ normal operation of the X'ariac, 
the shorting a<‘tion of tin* brush causes 
current surj^es \vhi<‘li can be (letecte<l as 
small ra(lio-fre<|uency noises on tlie 
power line. Althouj;h, in most applica¬ 
tions. this noise is completely insi^;- 
nih(‘ant, a noise-nulucinp: filter is pro¬ 
vided and is mounted on the Variac 
b'l niinal board. Further noise reduction 
is provided by fiv'e throup;h-pass ca¬ 
pacitors located on the main terminal 
board at tlie rear of the regidator. which 
by-pass the X’ariac connections at the 
“buck-or-l)oo.st transformer and the 
input and output connections to the 
rej^dator. 'fhis filterinfr is adecjuate to 
meet critical military interference speci¬ 
fications. 

To provide adcM|uate strength for 
military shock and vibration re(|uire- 
mcMits, the re^^ulator unit is built on a 
seven-im‘h. F-shapcsl, e.\t ruded-alumi- 
iniin clianiH'l. 'fhe smaller contrcd unit 
mounts on a aluminum panel. Both 
units will witlistand the standard 1200- 
ft-lb shock test, and they show no 
sij^nifieant mechanical resonances up to 
‘in cycles i>er second. 

'file regulator is designed to meet or 
to exceed the general re(|uirenients of 
MIL-K-4158A. It will openate at full 
load over the ambient temixuature 
range from — 20 C’ to ( — 20° to 



Figura 6. View of a three-phase, 18 KVA assembly 
of General Radio militarized regulators as used 
by Raytheon Manufacturing Company to provide 
constant line voltage for radar stations. 

-hl2.i°F) and for non-operating stor¬ 
age from — r)4°C to ( — 05° to 

-fld0°F). With .sjiecial motor lultri- 
caiils. oiKTation is po.ssible at far lower 
temperatures. IIigher-tcMni>erature op¬ 
eration is jiossible at lower power rating 
or with restricted duty cycle. Opera¬ 
tion is po.s.sible with relative humidity 
up to 100 percent, int'luding comlen.sa- 
tion caused by temperature changes. 

While th(‘.se military specificatittns 
are generally more severe than those 
encounU^red in most industrial applica¬ 
tions, the increa.sed reliability and ea.se 
of maintenance may often justify the 
use of the militarized regulator in 
critical industrial applications. I'his Ls 
particularly true for applications at 
high ambient temperatures or for port- 
abh* installations where mechani(*al 
.sinx'k or vibration is encountered. 

— M. C. Holtje 
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SPECIFICATIONS 


Input Voitag* Rang*: TliC tlesinxl outptil volltiKt* 
will Ik* miiiittniiKHl if the voltni^e not 

vary hy more than ^10% from this value of 
oiit|Mit voltage. A range eonneetiun is 

also available. 

Output Voltage: Ailjustable over a range of 
Ks 10', from a base value of 115 Vf»lls l»y means 
of a seifw^lriver mljuslmerit on ikui(‘I. 

llo .\utniftal 


Output VoUmjr 

Afijuelaltif 

Input vultiigv ui< 

U |K*rr»*titagi* uf 
niit[>iit viillagf* 

to 

1 lO^i 

SO't 

to 

120';. 

Output rurrcnl 
nm|M*n*i» 

50 

25 

7 KVA 

0 

! 3 

Arfumry in Vi 
of output volingo 

I 0.25% 


SiHHhI of Itlf^JMMlKl* 
volts |M*r si‘i*ond 

10 

* 20 


* ItMtniiiiMitii Brf ton Oil u**! fur *I0', rnnao 

•inlm* 20'rtiiuc** >• Hiwrifntj in tirdcr. 
t 8li«l«ll.v for vpr> ttni.nll voluiicf rttrrertiuiui. 


Tub* Complement: 2-5751, l-5<i5l \VA, l-0A2\\ A, 
2-2J>21\VA 

Waveform Distortion: XoilC. 

Vf/yx' 


Accessories Supplied: Spare fuse's. 

Waveform Error: Theavi*rage value of the output 
volt’ige i.« held roiintant. and a »Ih* jniwer supply 
with n'sistive load o|K'r:it(‘d fnun the output 
of the regulator will give eoiistant output volt¬ 
age n*gardle.«s of the harmonie distortion pn‘.Mr.Mil 
in the itnwrT line. 'I’he rms outinit volbigt* will 
al.M) rmnain eonstant. reganlh‘.ss of the har¬ 
monie distortion presiail. as long as the pluise 
anfl amplitiidr* of thesi* harmonies an* eonstMiit. 
If the harmonie eonti'iit ehanges, the rms value 
will ehangt* by an aiiKtunt less than where 

A/f is the ehruigr* in the harmonie amplituile 
ami n is the harmonie nuinlMT. 

Ambient Temperature: Fidl ratings appiv Up to 

55 f. 

Frequency: From 55 to (15 evi*l<*s or from 45 to 
55 eyeles, a.s selefted by a switeh. 

Power Consumption: No l.4iad 115 watts 

Full lioad lINi W’atts 

Mountings: Kehiy Itaek. 


Dimensions: Uegiil.'itor Oonlrol 

I'liit Unit 


HHfjht . Tin. 3*->in. 

IliV/fA. I'.lin. I!» ’in. ^ 

Weight . 5()lb. l3Klb. 


Cotie W'oni I*rice 


1570-ALS15 Automatic Vottage Regulator CIXITII $625.00 

(Junnliftf priers nn request. 


VARIAC® RATINGS VS. DUTY CYCLE 


OiK‘ of the important a(ivaiilag:e.s of 
Variac" autolraiusformers with !)ura- 
trak eoiitaet surface is their ahility lf» 
oiK'rate iiinler short-|M*ri(Ml overloads 
without damajre. For short-tinte tt|KTa- 
tion, rated current can he inultipli(‘d by 
a factor that varies between 1 ami 10, 
depending; upon the time that the load 



is applied, as shown in Fiijure 1. The 
same pro|K‘rties that prevent det^nora- 
tion under these hij^h overloads also 
jK'rmit suKstantial iiicreiuses in rating 
for intermittent operation, with the 
magnitude of the increase de|)ending 
upon the duty-cycle ratio. If the total 
number of duly cycles comprise only a 
relatively short operating period, the 
current can be further increased to that 
determined by the short-time rating 
factor shown in Figure 1. 

If duty-cycle ratio is dehnetl as the 
ratio of olT-plus-on time to on time, the 
Variac rated <'urrent may be multiplied 

Figure 1. For shorf-tim* overloads, the normal 
Voriac current may b* exceeded as shewn In this 
curve. 
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by the square root of this ratio. The 
following examples will illustrate the 
eal(*ulation of permissible overload for 
the Typk W5 Variac, whose rated cur¬ 
rent is 0 amperes. 

Example 1 

Duty cycle: 15 seconds on, out of 
every 4 minutes (2-10 seconds). 


y /duty cycle ratio = 


'240 

15 


= 4 


U|>rated current = 6 x 4 = 24 
anqjeres. 

15-second short-time overload 
(Figure 1 = 500'/^, = .SO amperes. Since 
this is giv.ater than that calculated from 
the duty-cycle ratio, the latter con- 
tn»ls, and the permissible current is 24 
amperes. 

Example 2 

Duty cycle: 30 seconds on, 8 
^ minutes off. 

y/ duty-cycle ratio = = 4.2 

>'30 


I'p-rated current = 4.2 x 0 = 25.2 
amp{*res. 

30-second short-time overload 
(Figure 1) = 3S0^c> = 22.8. This ligure. 
l)eing lower than that calculated from 
th(» <luty-cycl(* ratio, is the limiting 
value, and therefons the |iermissible 
current is 22.S amperes. 

Example 3 

Duty cycle: (> seconds on each 
minute. r(*peated for one-half hour, 
maximum. 

V dut v-cvcl(* ratio = = 3.1(5 

>' (5 

Short-time rating (Figure 1) for 
30 minutes = 133% 

Ep-rated current = 6 x 3.10 x 1.3 
= 24.0 am])en‘s. 

0-.se<*oiui sh(»rt-time overload (Fig¬ 
ure 1) = 725' t = 42.7 ampere.s. 

Permissible current is 24.0 am¬ 
peres. 

— Gilbeht Smiley 


NEW SALES ENGINEERS 


LOS ANGELES 

.Alan O. A1 h* 1 ha.s min.sferred to the Los 
.\ngclos Otfic-o of the (Jenenil Itudio Company. 
.Mr. Atn*!. a b..S. from I*nnlue Univer.sity in 
Eleetriml EngimM^ring and an .M.H.A. from the 
Harv’ard Cnuluate Scdiool of Husines.** .\d- 
mini.stratioii. Eas lK*f*n a Salo.s Engineer at the 
CamInidge Office for the past twf) xiair.'i. 

Fnink .1. 'Phoma. of L(j.s Angeles, ha.s joined 
tlie .Mtaff of the liOs Angeles Office as a S,ales En- 
ginc*er. Mr. 'Phoma holds a B.S. degnt* in 


ALAN O. ABEL FRANK J. THOMA 



Elw'trical Engineering from tJie University of 
Illinois. He wan pn‘viousIv associated wHIi the 
Sangiitno Electric Company and later witli 
Edward S. Sievers a.s a Sale.s Finginwr for 
Weston in.st rumen is. 

PHILADELPHIA 

John E. Snw)k. who joiried the Sjiles Engin¬ 
eering sUifif at Cambridge in 11)55, has lH*en 
transfem^d to the Phil.adelphia (Abington, 
Pcnnsylv.ania) (4Hie<?. .Mr. Snook retH-Mved his 


JOHN E. SNOOK JOHN C. HELD 
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B.S. in Eleftrifsil Eniiinn'rinR from Pcnnsylvun- 
ia llnivpj.sity in 1950, and for the suc- 

cpcilinK five* y(‘urt*, wim with Sylvunia Electric? 
ProdupL'< at Williamsport, Pcmnsylvania. 

WASHINGTON 

John C. Hold joiiwMl Ihn stall of tho Washing¬ 


ton (Silver Spring, Marylaml) Ofhee on M.ay 1. 
Mr. HeM, a graduate of Cleorge ^^’ashington 
University, was f»>r five years an efigiiuHT at the 
N'aval liestfanii I^ilsmitory and for the past 
year and a half has lKH*n a nianufueturorB' 
r(*presi*rit'itive in the Washington area. 


NEW YORK OFFICE MOVES TO RIDGEFIELD 


The Mefrr»polit!in .\e\v York Office of the 
Genenil Ihulio Company is now located at 

HkoAO .\VKN*irK AT LiXDEN 
UiooFiKLO, New Jersey 

'leleplMna* servi<*e inehides hotli New York 
City .and local niimljc^rs: 


Ftoni Xe.tr York: WOrth J-2722 
From Xeiv Jir.sei/: WHitney .‘^-JI40 
J'he new office is staffed l>y the same rapahle 
(leneral Itiidio engiiuters that operated our 
former West Stni't OHi**^*, (Ji*orge CJ. Uos.« and 
C. William flarri.son, who can .supply techniail 
and comnuTciiil informathm on all General 
Ilinlio products. 


^jnUE iGeneral liadio E\FFKIMF.\TFt{ is muiled tvilluntt riutrf*€» each 
month to etifsitieers. scientists, teciinicians. and otIters interestal 
in electronic techniffttes in nieasitrenient. H hen sendiiiii reffiiests for 
subscriptions and address-chanfse lattices, please supply the follotvin^ 
information: name, company adilress. type of hnsiness company is enisaffed 
in. ami title or position of imliridnal. 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 
CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TRowbridge 6-4400 


BRANCH ENGINEERING OFFICES 


WASHINGTON OFFICE 
■OSS 13fh STREET 
SILVER SPRING, MARYLAND 
TEL. — JUnIper S.1088 


PHILADELPHIA OFFICE 
1 1 so YORK ROAD 
ABINGTON PENNSYLVANIA 
TEL. —HAneoeli 4-7419 


CHICAGO S, ILLINOIS LOS ANGELES 38, CALIFORNIA 

920 SOUTH MICHIGAN AVENUE 1000 NORTH SEWARD STREET 

TEL. —WAba*h 2-3820 T E L. — H O 11 y w o o d 9-6201 

NEW YORK OFFICE 
BROAD AVENUE AT LINDEN 
RIDGEFIELD, NEW JERSEY 
TEL. —N Y, worth 4-2722 
N J, WHitney 3-3 140 


REPAIR SERVICES 

WEST COAST 


CANADA 


WESTERN INSTRUMENT CO. 

• 26 NORTH VICTORIA BOULEVARD 
BURBANK, CALIFORNIA 
TEL. —Victorio 9-3013 


BAYLY ENGINEERING, LTD. 
FIRST STREET 
AJAX, ONTARIO 
TEL. —Toronto EMpiro 8-6866 




UO.A. 
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